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ABSTRACT 

We  report  observation  of  the  scattered  spectrum  from  a  Zeeman  degenerate 
ato-n  at  high  laser  intensities.  For  a  J  =  0  to  J  =  L  transition  in  the 
presence  of  collisions, we  observe  an  asymmetric  triplet  in  the  polarization 
parallel  to  the  incident  laser  and  an  asymmetric  doublet  in  the  polarization 


perpendicular  to  the  incident  laser. 
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1.  Introduction 


In  recent  w.irs  t  hero  h.is  been  widespread  Interest  In  hi  gh  Intensity  ne.tr 
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tenon. mr  ]  ight  sent  ter  lug  In  the  presence  of  collisions.  Hollow  ’  h.i  s 

developed  the  theory  for  a  simple  two-state  aton,  including  the  effects  of 
collisions  by  IntroJoc  In;;  phenomcni.il  op,  icn  1  relaxation  terms  to  the  equations  of 
a  strongly  driven  two-state  system.  This  approximation,  which  Is  equivalent 
to  the  Markoff  approximation,  leads  to  equations  which  are.  valid  in  the  impact 
region  of  the  spectrua.  The  theory  predicts  the  well-known  asymmetric  triplet 
structure  In  the  scattered  spectrum.  These  effects  have  been  observed  by 
Carlsten,  Sziike  and  Rnymer  (CSR)^  in  nonlinear  light  scattering  from  strontium 
perturbed  by  argon. 

Recently,  Cooper,  Bnllagh  and  Burnett  (CBB),^  and  Fiutak  and  Van 

Kranendonk^  have  calculated  the  expected  polarized  scattering  spectrin  at  high 

intensities  when  Zeeman  degeneracy  effects  are  included.  CCB  predict,  for  the 

case  of  a  J  =  0  to  J  =  1  transition  and  a  linearly  polarized  incident  laser,  an 

asymmetric  triplet  scatterd  in  7t  polarization,  and  an  asymmetric  doublet  in  o 

polarization.  The  predictions  for  the  n  polarized  scattering  spec  trim  agree 

with  Ref.  6,  however  Fiutak  and  Van  Kranendonk  do  not  quote  results  for  the  o 

polarized  spectrum.  In  this  letter  wc  report  the  observation  of  these  spectral 

features  in  the  case  of  strontium  perturbed  by  argon.  The  qualitative  agreement 

with  the  results  of  CBB^  is  quite  good.  _ _ 
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11.  Iheoi'e 1  1  c:i  I  Guts  i  dr  rat  ion:; 

The  Ihoory  for  Inlcnso  field  scat  I  or  lug  from  a  Zeeman  degenerate  atom  In 
a  collJslonal  env  1  roimont  has  bom  given  by  (’Bi;>  in  the  Impact  approx  In  at  (on 
and  st  ea.ly-sta  te  limit.  We  use  the  notation  of  C”,H  throughout.  ’Ilie  imparl 
approximation  restricts  the  validity  of  their  results  lo  pressures  low  enough 
such  that  the  duration  of  a  collision  ( t£)  is  small  compared  to  the  Lime 

between  collisions  (T^).  Tn  addition  the  results  are  applicable  for  detuning!; 

» 

from  line  center  =  A)  small  compared  to  the  inverse  of  a  collision 

duration,  A  <  1  / t c .  l'or  the  case  of  van  der  Waals  broadening  1/tc  ~  10  s  , 
thus  their  results  should  he  valid  for  detunings  i  (  5  era  The  theory, 

furthermore,  is  valid  in  the  regime,  where  the  collision  rates  are  independent 
of  laser  intensity,  i.e.,  when  Qtc  <<  1  where  ft  is  the  Rabl  frequency. 

Similarly  the  steady-state  assumption  restricts  their  results  to  laser  pulse 
lengths  (t  )  large  compared  to  the  time  scales  associated  with  the  system 
relaxation  rates  ( t  >>  Tc , where  is  the  radiative  lifetime).  For  buffer 
gas  pressures  of  ~10  torr  and  again  assuming  a  van  der  Waals  interaction  Tc  ~ 

a  nS . 

For  the  case  of  interest  here,  a  linearly  polarized  laser  tuned  near  the 
Sr  resonance  line  (a  J  *  0  to  J  »  1  transition)  and  perturbed  by  Ar  (van  der 
Waals  broadening)  CBH^  predict  a  triplet  in  the  scattered  spectrum  polarized 
parallel  to  the  incident  laser  and  a  t  in  the  scattered  spectrum  polarized 

perpendicular  to  the  incident  laser.  In  t.  ,  parallel  polarization  (Fig.  la) 
the  three  peaks  correspond  to  (i)  Rayleigh  scattering  off  the  ground  or  Dj  »  0 
Sublevel  of  the  excited  state,  ( f i )  "three-photon"  scattering  followed  by 
fluorescence,  and  (iii)  collision-induced  fluorescence  from  the  excited  Qj  •»  0 
state.  These  features  are  exactly  those  associated  with  nonlinear  scattering 
from  an  idealized  two-state  atom  in  the  presence  of  collisions. 
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In  the  pel  pi".. .!  iciil.i’’  pul  .tr  I  ::.tt  ion  tin'  two  peaks  cm  respond  to  co  1 1  1 ::  1  mi.i  1 
excftatlun  of  tin'  i;i  j  ”  -1  sublevels  of  the  excited  state  (Fig.  1 1>)  followed  by 
(i)  fluorescence  to  the  ground  state  or  (11)  .in  inverse  Hainan  excitation  of 
the  r.ij  =  0  excited  state. 

In  the  experimental  results  reported  here,  neither  the  impact  approximation 
nor  the  steady-state  approximation  is  strictly  valid.  Thus  detailed  quantitative 
comparisons  with  the  theory  are  not  possible.  However,  the  experimental  results 
are  in  agreement  with  the  qualitative  conclusions  of 

III.  Experimental  Apparatus 

The  experimental  apparatus  is  basically  the  same  as  that  used  by  CSR.*1 

The  apparatus  consists  of  an  ^  pumped  Hansch  type  dye  laser  tuned  near  the 

2  1  1 

strontium  resonance  line  (6s  Sq  -  6s6p  P^  at  460.7  nra)  and  tightly  focused 

into  a  stainless-steel  crossed  oven  containing  strontium  vapor  at  ~500oC-600°C 

and  an  argon  buffer  gas  at  pressures  of  ~2  to  500  torr.  The  laser  power  at 

2 

the  center  of  the  oven  was  estimated  to  be  ~1  GW/ cm  .  Ihe  scattered  light  was 
detected  at  90°  through  the  side  arm  of  the  oven,  and  focused  onto  the  entrance 
slit  of  the  monochromator.  The  signal  was  detected  by  a  photomultiplier,  fed 
into  an  rf  shielded,  gated,  analog  integrate  and  hold  circuit  and  recorded  on 
a  chart  recorder  with  a  2.2  s  time  constant.  Further  details  of  the  apparatus 
can  be  found  in  CSR.^1  The  major  difference  in  our  experiment  was  the  addition 
of  a  glnn-pricm  polarizer  on  the  dye  laser  output,  an  analyzing  polarizer  at 
the  side  window  output  of  the  oven,  and  a  reference  polarizer  oriented  at  45° 
and  positioned  before  the  entrance  slit  of  the  monochromator  to  remove  the 
polarizing  influence  of  the  grating. 
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IV.  Kxpcr  Irirnt  .< 1  Results 


A.  Spec  t  run 

Typical  spectra  are  shown  in  Fig.  2.  These  spectra  wore  taken  at 

a  t  ompor.it  uro  of  -600"C  and  atgun  pressures  of  5,  50  and  500  torr 

respectively.  The  Sr  density,  as  measured  by  the  curve—of-growth  method 
1  A  -3 

was  ~2  x  10  ca  which  agreed  to  '-SO?  with  the  vapor  pressure  curve 
results.  At  this  density  and  an  Ar  pressure  of  5  torr  the  ratio  of  the 
van  der  Waals  broadening  rate  (y(Sr-Ar))  to  the  resonance  broadening  rate 
(y(Sr-Sr))  was  ~10.  The  effect  of  Sr-Sr  collisions  on  the  results  then  should 

be  negligible.  As  an  additional  check  the  experiments  were  repeated  at  550°C 

1 3  -3 

(measured  Sr  density  »6  x  10  cm  )  and  the  results  were  unchanged.  The 
laser  detuning  in  these  spectra  was  A  =  17  era  '  (~0.4  nn)  to  the  red.  The 
monochromator  resolution  was  ~0.07  nm  and  the  absolute  wavelength  calibration 
is  expected  to  be  good  to  ±0.02  nm. 

The  triplet  and  doublet  features  are  clearly  visible  in  the  two 
polarizations  at  low  argon  pressures.  As  the  pressure  is  increased  the 
collisional  features  dominate  over  the  radiative  components  (Fig.  2  - 
500  torr).  Note  also  that  each  component  (except  the  Rayleigh  peak)  has  large 
asymmetric  wings.  These  wings  arc  due  to  the  variation  in  ac  Stark  shift  that 
different  atoms  experience  as  a  result  of  the  spatial  intensity  dependence  of 
the  laser  field.  The  Stark  shifts  are,  of  course,  away  from  the  Rayleigh 
peak,  hence  the  asymmetry.  In  the  Stark  wings  (Stark  shift  >0.1  nm)  the 
fluorescence  path  is  optically  thin,  however,  the  fluorescence  around  line 
center  is  heavily  trapped. 

The  majority  of  the  measurements  were  done  at  a  laser  detuning  of  17  cm  ^ 
to  the  red  of  the  Sr  resonance  line.  Changing  the  detuning  had  little  effect 
on  the  qualitative  features  shown  in  Fig.  2.  With  the  laser  tuned  to  the  blue 


of  tin*  Sr  ri'.'.on.tiu'o  lino  tin*  scattered  spectrum  was  again  qual  I  tat  ively 
similar.  However,  .tr.  expected  wo  found  the  col  11 s Iona  1  feature::  to  In*  much 
weaker  for  hluo  dot  mi  1  tigs ,  cor  respond  1  up,  to  absorption  in  the  ant  i-r.tnt  Ic  wing 
of  the  line  and  siibsotpient  ro-onl  sr.  I  on. 


V.  Conclusions 

* 

We  have  demonstrated  that  the  experimental  techniques  of  CSR  for  tlie 
study  of  collisiop.nl  redistribution  and  saturation  of  near  resonant  scattered 
liRht  can  be  easily  extended  to  include  polarized  scattering  experiments. 
Tlicse  experiments  can  obviously  give  much  more  information  about  collision 
processes  in  "real"  (i.c.,  Zeeman  degenerate)  atomic  systems  including 
information  about  m.-changing  collision  rates. 

We  have  also  verified  the  qualitative  predictions  of  CHli"*  concerning 
high  intensity  near-resonant  scattering  from  a  Zeeman  degenerate  atom  in  the 
presence  of  collisions. 
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Figure  Cipt  Ions 

.  I’roccsM':;  involved  in  format  ion  of  spectrin  (the  straight  arrovs 

represent  ahsorpt ion  of  a  laser  photon,  the  wavy  arrows  represent  an 
emitted  photon,  and  the  double  arrows  represent  a  collisionnl 
process) .  . 

.  Typical  scattered  light  spectra  (red  del.uning) ,  at  (a)  5  torr,  (b) 

50  torr  and,  (c)  500  torr.  In  each  case  the  u^per  curve  is  the 
parallel  polarization  and  the  lower  curve  the  perpendicular 
polarization.  Hie  arrows  indicate  the  unshifted  positions  of  the 
peaks . 


